A B S T R A C T Mitogen-stimulated human T cell activation is absolutely dependent on the participation of a nonresponding accessory cell. In populations of human peripheral blood mononuclear cells, monocytes function as the requisite accessory cells. The possibility that cultured endothelial cells (EC) might also function as accessory cells was studied by examining the potential of endothelial cells to restore mitogen responsiveness to monocyte-depleted human T cells. Highly purified T cells were prepared by isolating cells rosetting with sheep erythrocytes and removing monocyte contamination by glass adherence and nylon wool column passage. When cultured at low cell density, T cells failed to respond to stimulation with various mitogenic lectins, whereas co-culture with monocytes restored responsiveness. Similarly, EC obtained from umbilical vein, pulmonary artery, and ovarian vein restored the capacity ofT cells to respond to mitogens. Mitogenstimulated T cell activation required viable endothelial cells. Moreover, effective endothelial T cell cooperation appeared to involve the establishment of cell-tocell contact between EC and responding T cells. Accessory cell function was not a nonspecific property of all tissue culture cells as evidenced by the finding that human foreskin fibroblasts, lung fibroblasts, and HeLa cells were unable to restore responsiveness to monocyte-depleted T cells. These observations indicate that endothelial cells can support the induction ofmitogeninduced T cell activation and suggest that cells lining blood vessels may play an active role in the initiation of immune responses in vivo.
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INTRODUCTION
Antigen-and mitogen-induced T lymphocyte activation is absolutely dependent on the participation of Dr. Lipsky is a recipient of National Institutes of Health Research and Career Development Award, 1-K04-AM00599. Address reprint requests to Dr. Lipsky. Receivedfor publication 10 November 1980 and in revised form 8 January 1981. 1490 an accessory cell. In many responses, mononuclear phagocytes (MO)' serve as the requisite accessory cells (1) . Only a subpopulation of MO is able to function in this capacity. Thus, some but not all MO synthesize and express Ia antigens on their surface membranes. The presence of these glycoproteins, which are encoded by genes of the major histocompatibility complex, identifies those MO able to function as antigen presenting cells or as accessory cells required for mitogen-induced T cell activation (2, 3) . Recent evidence indicates that other Ia-bearing cells such as Langerhans cells ofthe skin (4) and dendritic cells ofvarious lymphoid organs (5, 6 ) may also function as accessory cells.
A number of observations suggest the possibility that endothelial cells (EC) may also function as accessory cells required for T cell activation. Thus, freshly isolated EC and endothelium in situ express Ia antigens (7) (8) (9) and cultured EC appear to be capable of stimulating mixed leukocyte reactions in vitro (10, 11) . The idea that EC can function as accessory cells is supported by histological examinations of delayed type hypersensitivity reactions. These frequently reveal activated lymphocytes, some of which are in mitosis, attached to vascular endothelium within the lumen of the venule (12) . Such observations suggest that initial lymphocyte activation may occur intravascularly, supported by the vascular endothelium.
The following studies were undertaken to examine the potential of EC to function as accessory cells necessary for T cell activation. Mitogen-induced human T cell DNA synthesis was used as an in vitro model system to determine whether EC could provide a sufficient accessory cell signal to allow T cell triggering. Endothelial cells. EC were prepared from umbilical cord veins, pulmonary arteries and ovarian arteries, and veins as previously described in detail (17, 18) . Briefly, umbilical veins were filled with 0.25% collagenase (Gibco Laboratories, Grand Island Biological Co., Grand Island, N. Y.), clamped and incubated for 15 min at 37°C. Vessels from cadaver lungs (3-5 h postmortem) were dissected free of connective tissues and placed on moist gauze in sterile dishes. The vessel lumen was filled with collagenase (0.25%) and the vessel was covered with moist gauze. The vessels from ovarian tissues were dissected from the ovarian ligament and treated with collagenase in a similar manner. After incubation for 15-30 min at 37°C, detached cells were washed from the vessels with culture medium containing 10% FBS.
The suspended cells were washed twice, resuspended in fresh medium 199, supplemented with 20% FBS, 10% human serum, and antibiotics (penicillin G, streptomycin, and fungizone) and cultured in 25-cm tissue culture flasks or petri dishes. The cultures were maintained at 37°C in a humidified atmosphere of 5% CO2 and 95% air. A confluent monolayer ofcells was obtained within 1-2 wk. When confluent, the cells were detached using Puck's EDTA and 0.25% trypsin (Gibco Laboratories) and then transferred to fresh culture vessels. The cells were used for experiments after two to seven passages in culture.
Each culture ofEC used in these experiments was examined for two endothelial markers, angiotensin I converting enzyme and Factor VIII antigen (18) (16, 21) . To examine the potential accessory function of other cell types, it was necessary, therefore, to prepare a population of responding T cells that was free of MO contamination.
The approach used involved purifying T cells by rosetting with neuraminidase-treated sheep erythrocytes and depleting contaminating MO by glass adherence and passage over nylon wool columns. This method yielded a population of responding cells that contained <0.1% Mo. Despite this minimal Mo contamination, mitogen responsiveness was still observed when this population was cultured at high cell density. Although this was most marked for PHA stimulation, a small response to Con A and PWM was also usually observed.
A modified limiting dilution technique was used to eliminate the residual mitogen responsiveness supported by the small number of M4 in the cultures. As can be seen in Fig. 1 Fig. 1 . The magnitude of mitogen-induced T cell [3Hlthymidine incorporation was directly related to the number of supplemental MO (Fig. 2) Table II . These EC populations also supported Con A and PWM responsiveness as shown in Table III . In additional experiments, ovarian artery EC also supported mitogen-induced T cell responses (data not shown). These data indicate that arterial and venous EC obtained from both adult and neonatal tissues are able to function as accessory cells for the induction of T cell activation. Accessory function ofendothelial cells in T cell activation induced by NG. Treatment of T lymphocytes with the oxidative mitogen, NG, leads to accessory cell-dependent T cell blastogenesis (6, 19 Accessory function ofendothelial cells: induction of lymphocyte DNA synthesis. DNA synthesis by lymphocytes can be detected by staining the cells with mithramycin and analyzing the cell associated fluorescence by flow cytofluorometry (20) . In this technique, cell-associated fluorescence is directly related to the DNA content of the cell.
The percentage of cells entering the DNA synthetic phase of the cell cycle in response to mitogenic stimulation can be determined by calculating the number of cells with a greater than diploid intracellular DNA content. This allows a population to be analyzed for the actual number of cells stimulated to replicate DNA. In addition, it obviates the potential errors inherent in the measurement of [3H]thymidine incorporation as an estimate of lymphocyte DNA synthesis (25) .
The ability of MO and EC to support mitogen-induced T cell activation was examined in this way. As shown in Fig. 4 , very few T cells in control or PHAstimulated cultures were found to be in S or G2-M in the absence of supplemental accessory cells. Mitomycin C-treated MO or EC reconstituted the PHA response of T cells as evidenced by the marked increase in the number of cells with a greater than diploid DNA content. Similar results were obtained in three additional experiments that tested the accessory function of pulmonary artery and ovarian artery EC. These findings support the conclusion that endothelial cells are able to function as accessory cells necessary to trigger mitogen-induced entry of T cells into the cell cycle.
Endothelial Cell-Lymphocyte Interaction Cell-to-cell contact between endothelial cells and lymphocytes during T cell activation. Cell-to-cell contact between MO and T cell develops during T cell activation triggered by mitogens (26, 27 (31) .
Interpretation of these studies is complicated, however, because of the possible MO contamination of the responding population. "Fibroblasts" obtained from fresh kidneys could restore mitogen responsiveness to adherent cell-depleted guinea pig lymph node T cells (26) . Although both responding cells and "fibroblasts" in this study appeared to be free of M+, the exact nature ofthe accessory cell population was not well described. Finally, murine embryonic fibroblasts, but not a variety of other mouse cell lines, restored mitogen responsiveness to murine lymph node cells that had been rigorously depleted of MO (32) . Again, the nature ofthe fibroblasts was not well defined. Despite the difficulties inherent in interpreting these studies, they suggest the possibility that cells other than MO may function as accessory cells under certain circumstances. A number of observations suggested the possibility that EC may function as accessory cells involved in lymphocyte stimulation. First, EC in situ and, freshly isolated, express Ia antigens (7) (8) (9) . Secondly, EC are capable of stimulating a mixed leukocyte reaction (10, 11) . Thirdly, human ECuv and monocytes share a system of antigens that is distinct from HLA-A, B, C, and DR antigens (7) suggesting that they may also share certain functional characteristics. Indeed, recent evidence has suggested that ECuv may function as antigen presenting cells (33) . In view of these results, it seems reasonable that the vascular endothelium, which forms the interface between the blood and tissues, could play a role in actively selecting subpopulations of circulating lymphocytes and thus promoting their egress into appropriate tissue sites. This possibility is supported by the observation that porcine lymphocytes adhere to cultured endothelial cells and, if appropriately sensitized, are stimulated to migrate through EC monolayers (34, 35) .
In the current studies, EC from several different vessels supported mitogen-induced T cell activation. Somewhat surprisingly, EC that had been cultured in vitro for as long as 7 wk and transferred five times before use were also able to function as accessory cells. This was unexpected because Hirschberg et al. (8) could no longer detect HLA-DR antigens with a complement-mediated microcytotoxicity assay on ECuv that had been cultured in vitro for 14 
